Introduction 67
Multiple mechanisms may contribute to neurotransmitter and neuromodulator-mediated 68 7 average amplitude of miniature PSPs ( q ) is estimated as the ratio of the variance of the 136 amplitude of the PSP (var(v) ) to the mean of the amplitude of the PSP ( v ) q =var(v)/ v . 137
The number of quanta released (m) can then be calculated by dividing v by q . Change 138 in m is indicative of a presynaptic effect. Change in q is indicative of a post-synaptic 139 effect. Variance was calculated according to the standard equation: 140
Var(x) = E ((x-mu) 2 ) where mu is the expected value of random variable x (in this case 141 the amplitude of the EPSP). To determine the variance, the EPSPs were grouped into 30 142 second bins (74-75 EPSPs in each bin as they were elicited at 2.5 Hz). 143
Statistical significance was tested using Student´s t-tests and data are presented as mean ± 144 standard error (M ± SEM). 145
146

Results
147
Short-term potentiation at the B20-to-B8 synapse 148
Previous work demonstrated that the B20-to-B8 synapse exhibits activity-dependent 149 synaptic plasticity (Proekt et al. 2004 ). In the following set of experiments, we sought to 150 characterize a possible contribution of postsynaptic mechanisms to the potentiation of the 151 B20-to-B8 synapse. 152
We previously found that a 5 minute esophageal-nerve stimulation, which elicits ~10 153 motor programs and is sufficient to establish an egestive network state, result in the 154 potentiation of the B20-to-B8 synapse and activity of B20 in these esophageal nerve-155 elicited motor programs is both necessary and sufficient for the facilitation of the B20-to-156 B8 synapse (Proekt et al. 2004) . To characterize the site at which potentiation occurs in 157 this paradigm, we analyzed EPSPs using the variance method (see Materials and 158 8 Methods) , which is an indirect way to measure this. After esophageal nerve-elicited 159 motor programs, the amplitude of the EPSP increased to 289 ± 54 % of control ( Fig. 1A1 ; 160 n = 6; p < 0.001) and with time returned to baseline. There was a significant increase in 161 the calculated quantal size (q) to 507 ± 175 % of control (p < 0.05), without any 162 significant change of the calculated quantal content (m) (Fig. 1A2) . 163
To characterize the locus of this potentiation, we stimulated B20 and analyzed the EPSPs 164 using the variance method. Intracellular stimulation of B20 (10 Hz, 30 s) potentiated the 165 B20-to-B8 EPSPs. The amplitude increased to 231 ± 26 % of control ( Fig. 1B1 ; n = 5, p 166 < 0.001). The amplitude of the potentiated EPSPs recovered to control values within ~10 167 min (not shown). Variance method applied to the B20-to-B8 EPSPs revealed ( Fig. 1B2 ) 168 that, following high frequency stimulation of B20, there was a significant increase in the 169 calculated quantal size (q) to 351 ± 100 % of control (p < 0.05) without any significant 170 change of the calculated quantal content (m) (p > 0.05). Our results therefore suggest that 171 potentiation at the B20-to-B8 synapse is expressed postsynaptically, both when induced 172 by physiological network activity, and by direct stimulation of B20. 173
174
Dopamine activates a 5-HT 3 -like receptor in B8 175
Given the limitation of the variance analysis, we sought to determine directly whether 176 GABA is able to increase the amplitude of the dopaminergic responses in B8. 177
To evaluate the action of dopamine on B8, the neuron was single-electrode voltage 178 clamped and dopamine was puffed onto B8 neurons through a sharp electrode. 179 Dopamine-evoked fast inward currents in B8 reversed at ∼0 mV, indicating that9 nonselective cation channels are involved ( Fig. 2A , n = 3), as previously suggested (Díaz-181
Ríos and Miller 2005). 182
Previous work showed that fast dopamine responses in Aplysia can be blocked by 183 sulpiride (Due et al. 2004; Díaz-Ríos and Miller 2005) . This effect is unexpected as 184 sulpiride is considered a D 2 receptor antagonist. We therefore sought to characterize the 185 class of receptors that may mediate the fast dopaminergic responses in B8. Dopamine is a 186 partial agonist on the mammalian 5-HT 3 receptor (Neijt et al. 1986; Oz et al. 2003) , 187 which mediates fast serotonergic and dopaminergic responses. Therefore we tested the 188 effect of two 5-HT 3 receptor antagonists, tropisetron and MDL 72222, on dopamine 189 responses in B8 neurons. Dopamine was puffed onto the B8 somata that were voltage 190 clamped at -70 mV and tropisetron and MDL 72222 were bath applied. Tropisetron 191 concentration-dependently reduced the dopamine response ( Fig. 2B and 2C ; p < 0.001). 192
The effect of tropisetron recovered during washout (Fig. 2B) We investigated the pharmacological profile of the receptor through which GABA acts 211 on B8 to facilitate dopamine-evoked currents. We examined the effects of the GABA B -212 receptor agonist baclofen which increases the size of B20-to-B8 EPSPs (Díaz-Ríos and 213
Miller 2005). 100 μM baclofen mimicked the action of GABA, as it potentiated 214 dopamine currents to 168.4 ± 29.2 % of control ( Fig. 3B ; n = 5; p < 0.05). This 215 potentiation reversed to control after washout of baclofen. The GABA B -receptor 216 antagonist phaclofen (100 μM) blocked the action of both GABA ( Fig. 3A, 3C ; n = 3; p > 217 0.05) and baclofen ( Fig. 3B, 3C which excluded GDP-β-S in the microelectrode, GABA potentiated the dopaminergic 227 responses (data not shown; n = 2). The GDP-β-S experiment also provides additional 228 evidence for the post-synaptic nature of the GABA potentiation. 229
Previous work on short-term heterosynaptic potentiation in Aplysia implicated two signal 230 transduction pathways, PKA and PKC (Brunelli et al. 1976; Braha et al. 1990 ). Thus, we 231 characterized the possible role of PKA and PKC in the GABAergic facilitation of 232 dopamine-elicited currents. We treated the preparation with PKC and PKA blockers and 233 activators known to be effective in Aplysia (Hochner and Kandel 1992; Braha et al. 1993; 234 Klein 1993; Manseau et al. 1998; Villareal et al. 2009 ). In preparations pre-incubated 235 with the PKC antagonist chelerythrine (20 μM), GABA failed to potentiate dopamine 236 currents ( To test the involvement of PKA, buccal ganglia were incubated with the PKA antagonist 242
Rp-cAMP (100 μM). Rp-cAMP did not block GABA-elicited potentiation of dopamine 243 currents as in the presence of GABA the currents increased to 137.0 ± 15 % of control 244 ( Fig. 4D ; n = 3; p < 0.05). Furthermore, forskolin, which stimulates the synthesis is of 245 cAMP (10 µM), and the PKA agonist Sp-cAMP (100 µM) neither increased nor blocked 246 the potentiating actions of GABA on dopamine-elicited currents ( indicate that whereas one transmitter contained in the presynaptic neuron, dopamine, acts 266 to mediate the EPSPs, the other transmitter, GABA, acts to potentiate these EPSPs. Our 267 data suggests that dopamine is mediating these EPSPs by acting on a post-synaptic 5-268 involving PKC activation in B8 (Fig. 5) . 308 309
Co-release of dopamine and GABA 310
The presynaptic regulation and differentiation of the co-release of dopamine and GABA 311 at the B20-B8 synapse is likely to be frequency and duration dependent since the GABA-312 mediated potentiation only appears after a repeated stimulation of B20. 313
Our results combined with those of Díaz-Ríos and Miller (2005) suggests that dopamine 314 is the fast transmitter at this synapse. GABA, which acts here as a slow modulator may be 315 co-stored and co-released with dopamine from the same vesicles as in vertebrate striatum 316 (Stensrud et al. 2013) within neuronal networks to meet various behavioral demands. Unfortunately, the 328 understanding of the role of synaptic potentiation is limited by a paucity of well-defined 329 networks in which specific behavioral functions can be attributed to synaptic plasticity. 330
Recent studies provide such a behavioral framework for understanding the role of 331 potentiation of the B20-to-B8 synapse in the establishment of behavioral states. When the 332 feeding network is first activated by esophageal nerve stimulation, it fails to produce 333 egestive motor programs. With repeated stimulation, however, the network begins to 334 generate egestive responses. When the input is then switched to an ingestive pathway, the 335 network disregards the switch and continues to generate egestive motor programs. These 336 and related observations suggest that the repeated stimulation of the esophageal nerve 337 establishes a persistent egestive network state (Proekt et al. 2004 ). Potentiation of the 338 B20-to-B8 synapse is established during repeated esophageal nerve stimulation and is 339 critical for the evolution towards and maintenance of the egestive network state. The 340 importance of this potentiation provides physiological relevance for the co-transmission 341 of GABA and dopamine from B20 to B8 (Proekt et al. 2004 (Proekt et al. , 2007 . 342
Potentiation of B20-to-B8 EPSPs during the evolution of the network towards an egestive 343 state can involve mechanisms similar to those involved in potentiation of this synapse 344 elicited by direct stimulation of B20. Repeated activation of the esophageal nerve recruits 345 B20 firing into the motor programs to a degree similar to that used to elicit synaptic 346 potentiation by direct B20 stimulation. Furthermore, activity of B20 during these motor 347 programs is both necessary and sufficient for the potentiation of the B20-to-B8 synapse 348 The modulatory effect of GABA released from B20 in the Aplysia feeding network is 370 considered as an intrinsic modulation by a co-transmitter since it modulates the circuit it 371 is a part of (Katz and Frost 1996) . This is quite unusual since in most cases homosynaptic 
